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ADAPTIVE MULTIFILAR ANTENNA 



This invention relates to adaptive multifilar antennas. 
| In fields such as mobile telephony and communication, it is being proposed 

5 that radio frequency transceivers operating in different frequency bands, and 
providing different services, should be integrated into single consumer devices. 

For example, in order to improve the coverage area in which a mobile 
telephone can be used, a satellite system transceiver, a terrestrial transceiver and a 
domestic cordless telephone transceiver might be integrated into one hand-held unit. 
10 An alternative example is a dual service telephone operating at 1800MHz in the user's 
home country but having the capability of operating at 900MHz in other countries 
under a so-called roaming arrangement. 

The electronics needed to achieve this aim are rapidly becoming smaller and 
lighter. A remaining problem area for multi- frequency, multi-system operation, 
15 however, is the antenna. 

In order to operate as described above, an antenna should be able to work at 
different frequencies and with different types of base station. For example, one 
service may use terrestrial base stations and another may use orbiting satellites. This 
means that if the handset antenna is typically used in a vertical position (with the 
20 handset held next to the user's head) then for one service the antenna should have a 
radiation pattern substantially omnidirectional in azimuth and for the other service it 
should have an approximately hemispherical radiation pattern. 

To cater for the different pattern and frequencies in use, it has been proposed 
to employ two distinct antennas within a common volute. 
25 This invention provides a multifilar antenna comprising: 

n spaced antenna filaments, where n is an integer greater than 1; 
a matching circuit for matching the characteristic impedance of the antenna to 
that of a transmitting and/or receiving apparatus; 

a phasing circuit for applying respective gain and phase adjustments to signals 
30 passed to or from the n filaments; 

switch means associated with each filament for selectively altering the 
electrical length and/or interconnections of the filaments; 



means for detecting electrical properties of the multifilar antenna with respect 
to the frequency, polarisation and/or direction of propagation of a signal to be 
received or transmitted by the multifilar antenna and/or impedance matching of the 
antenna; and ' 

control means, responsive to the detecting means, for controlling the operation 
of the matching circuit, the phasing circuit and the switch means to adjust the 
properties of the multifilar antenna to suit better a current signal to be received or 
transmitted. 

In the invention, the phase and gain relationships for signals from individual 

.it*. 

filaments of a multifilar antenna, along with the electrical length and interconnection 
pattern of the filaments, can be varied automatically in order to improve (or possibly 
to optimise, within the resolution of the adjustment system) the properties of the 
antenna for a particular signal to be received or transmitted. 

For example, in embodiments of the invention the above parameters could be 
varied to provide the best received signal level, the best signal to noise ratio, or the 
best signal to (noise plus interference) ratio and/or the best VSWR. 

The adjustments will generally lead to a change in the antenna's frequency 
response and radiation pattern (shape and polarisation). In fact, it does not matter to 
the adjustment system what that change is quantitatively; the system simply makes 
adjustments so as to improve the handling of the current signal. 

The invention will now be described by way of example with reference to the 
accompanying drawings, throughout which like parts are referred to by like 
references, and in which: 

Figure 1 is a schematic diagram of a quadrifilar antenna; 

Figure 2 is a schematic diagram of an antenna interface circuit; and 

Figure 3 is a more detailed schematic diagram of one possible implementation 
of the antenna system of Figure 2. 

Figure 1 is a schematic diagram of a quadrifilar helical antenna (QHA). 

The QHA comprises four helical elements 10. .40 and eight radial elements 
50. . 120. (In other embodiments six angularly spaced helical elements could be used). 

The helical elements are intertwined as shown in Figure 1 , and are disposed 
about a longitudinal axis or the antenna by 90° with respect to one another. Four of 



the radials 50.. 80 are disposed on the top and four 90.. 120 on the bottom of the 
volute, connecting the helical elements and forming two bifilar loops. The antenna 
is fed on one set of radials 90,110, with 90° phase difference between the two feeds. 
The radials 50.. 80 at the top end of the antenna with respect to the feed 
5 (which in this example are at the bottom) may be shorted in pairs or may be open- 
circuit depending on the resonant length of the helical elements and the required 
response. 

The QHA is described in the following references: 
[1] Kilgus C.C. , "Multielement, Fractional Turn Helices" , IEEE Transactions on 
10 Antenna and Propagation, VoLAP-16, pp. 499-500, July 1968 

[2] Kilgus C.C, "Resonant Quadrifilar Helix", IEEE Transactions on Antenna 

and Propagation, Voi.AP-17, pp. 349-351, May 1969 
[3] Kilgus C.C, "Resonant Quadrifilar Helix Design", The Microwave Journal, 

December 1970. 

15 The antenna's radiation pattern mode (hemispherical or other) depends on the 

phase combination used on the two or four feeds. The exact shape of the antenna's 
radiation pattern in each mode depends on the pitch and dimensions of the helices. 
In the axial mode it has a shape varying from hemispherical to cardioid depending on 
the dimensions of the structure. The polarisation is circular with a very good axial 

20 ratio inside the 3dB angle. 

In other embodiments, the multifilar antenna arrangement can also be used for 
diversity purposes. The different filaments can be used to provide space diversity 
between uncorrelated received signals. The effect of weighting the gain and phase 
can affect both the shape and the polarisation of the radiation pattern. This effect can 

25 benefit the transceiver in two ways. Firstly, the pattern shaqpe and the polarisation 
are matching the direction and the polarisation of the incoming signal to try to 
optimise or improve the criterion ratio (S/N or S/(N+I)), and secondly the structure 
can be used for polarisation diversity using the resulting pattern of different filaments 
or pairs of filaments. 

30 Figure 2 is a schematic diagram of an antenna system comprising an adapted 

QHA 200 and an antenna interface circuit. 

In Figure 2, the four elements of the QHA 200 are connected separately to an 



adaptive matching circuit 210. (In the configuration shown in Figure 1, the antenna 
is in a receive mode, but it will be clear that signals could instead be supplied to the 
antenna, in a transmit mode, by reversing the direction of signal propagation arrows 
in Figure 2.) The adaptive matching circuit 210 is under the control of a matching' 
controller 220, which in turn is responsive to a system controller 230. 

Received signals from the adaptive matching circuit are supplied to four 
respective variable weighting circuits W1..W4. Each of W1..W4 comprises a 
variable gain stage and a variable phase delay, all controllable by the system 
controller 230. 

The outputs of the four variable weighting elements W1..W4 are combined by 
an adder/weight combiner 240 to form a composite signal. This composite signal is 
then stored 250. A sensor 280 examines the signal (e.g. the level of the signal to 
(noise plus interference) ratio) and passes this information to the controller which in 
turn adjusts the weighting factors of the weighting elements W1..W4, the matching 
circuit 210 and the switch elements 290, 300 to improve or possibly optimise the 
parameter sensed by the sensor 280. The optimisation information can be used to 
optimise or improve the quality of the stored signal, which is then passed to the 
demodulator 260. The information is also used to adjust the antenna system to 
receive the next incoming signal. 

In each element of the QHA, there is a switch 290 capable of isolating a 
portion of the element remote from the feed point. The switch could be, for 
example, a PIN diode switch. Similarly, a switch 300 is capable of shorting or 
isolating pairs of the elements at the end remote from the feed point. 

The operations performed by the switches 290 and 300, under the control of 
a switch controller 310, can change the response and radiation pattern of the antenna. 
In particular, by isolating a section of each element, the electrical length of the 
elements is made shorter and so the frequency of operation will be higher. Again, 
these operations are carried out under the control of the system controller to improve 
or possibly optimise operation with a particular signal frequency, polarisation and 
direction of propagation. 

Figure 3 is a more detailed schematic diagram of one possible implementation 
of the antenna system of Figure 2, which also shows operation to improve or optimise 



the VSWR during a transmission operation and S/N+I during a receive mode. 
(Incidentally, when S/N-f I is improved by adapting the antenna matching in a receive 
mode, this has an indirect side-effect of tending to improve the VSWR. Also, when 
the pattern mode, polarisation and direction are improved by adjusting for the best 
5 or an improved S/N+I, this similarly has a corresponding improving effect in a 

transmit mode.) 

In Figure 3, the operation of the weighting elements W1..W4 is carried out 
in a digital domain, as is the operation of the adder/weight combiner 240. 

The output of the adaptive matching circuit 210 is supplied to a quadrature 

10 downconverter 400 comprising an intermediate stage 410 where a local oscillator 
signal is mixed with the radio frequency signal, an amplifier 420 and a further stage 
of mixing with a local oscillator signal with a 0° and 90° phase relationship to 
generate two demodulated outputs I and Q. These are both converted to digital 
representations by A/D converters 430 before being stored in a RAM 440. This 

15 process is replicated for each of the filaments of the QHA. Similarly, for the 

transmit side, an output from the RAM 440 is passed to a quadrature modulator 450 
before being routed via the adaptive matching circuit 210 to the respective antenna 
filaments. A VSWR detector 460 operates in a transmit and/or receive mode to 
detect the standing wave ratio of the antennas. The output of this is stored in the 

20 RAM 440. 

The RAM is connected to a digital signal processing (DSP) unit 470 which 
combines the digital representations of the signals stored in the RAM 440 in 
respective proportions and using respective phases (i.e. performs the operation of the 
weighting blocks W1..W4), detects and optimises the selected parameter such as 

25 signal-to-noise ratio, sends control signals to the adaptive matching circuits to change 
from one frequency band to another or to overcome de-tuning effects, and also 
controls the switch controller 310 and in turn the switches 290,300 within the helical 
elements. 

One appropriate DSP algorithm is for the transmitter to send packet header, 
30 reference or training symbols, which are known to the receiver. Any disturbance to 
the received signals during the reception of the training symbols is a measure of N+I 
and can be reduced by trial and error (repeated combining of the digital 



representations stored in the RAM 440), direct matrix inversion of the associated 
correlation matrix or by iteration approaches such as so-called LMS or RLS 
algorithms. However, even if known training symbols are not available, a measure 
of the disturbance to the signal can be made by error detection algorithms applied to 
the received symbols. 




CLAIMS 



1. An adaptive multifilar antenna comprising: 

n spaced antenna filaments, where n is an integer greater than 1; 
5 a matching circuit for matching the characteristic impedance of the antenna to 

that of a transmitting and/or receiving apparatus; 

a phasing circuit for applying respective gain and phase adjustments to signals 
passed to or from the n filaments; 

switch means associated with each filament for selectively altering the 
10 electrical length and/or interconnections of the filaments; 

means for detecting electrical properties of the multifilar antenna with respect 
to the frequency, polarisation and/or direction of propagation of a signal to be 
received or transmitted by the multifilar antenna and/or impedance matching of the 
antenna; and 

15 control means, responsive to the detecting means, for controlling the operation 

of the matching circuit, the phasing circuit and the switch means to adjust the 
properties of the multifilar antenna to suit better a current signal to be received or 
transmitted. 

20 2. An antenna according to claim 1, in which: 

signal connections to/from the filaments are at a first end of each filament; 

and 

the switch means is operable to selectively interconnect pairs of filaments at 
a second end of those filaments remote from the first end. 

25 

3. An antenna according to claim 1 or claim 2, in which: 

each filament comprises at least a first filament section and a second filament 
section; and 

the switch means is operable to selectively connect or isolate the first and 
30 second filament sections of each filament so as to vary the electrical length of that 
filament. 



8 

4. An antenna according to any one of the preceding claims, in which: 

the detecting means is operable to detect a signal to noise ratio of a received 
signal; and 

the control means is operable to control the operation of the matching circuit \ 
and the switch means so as to improve the signal to noise ratio of the received signal. 

5. An antenna according to any one of claims 1 to 4, in which: 

the detecting means is operable to detect a signal to (noise plus interference) 
ratio of a received signal; and 

decontrol means is operable to control the operation of the matching circuit 
and the switch means so as to improve the signal to (noise plus interference) ratio of 
the received signal. 

6. An antenna according to any one of claims 1 to 4, in which: 

the detecting means is operable to detect a signal level of a received signal; 

and 

the control means is operable to control the operation of the matching circuit 
and the switch means so as to improve the signal level of the received signal. 

7. An antenna according to any one of claims 1 to 4, in which: 

the detecting means is operable to detect a VSWR for a transmitted signal; and 
the control means is operable to control the operation of the matching circuit 
and the switch means so as to improve the VSWR for transmission of that signal. 

8. An antenna according to any one of the preceding claims, in which the 
detecting means comprises: 

analogue to digital conversion means for converting respective signals received 
by the filaments into corresponding digital representations; 
a memory for storing the digital representations; 

means for combining the digital representations using respective phase 
relationships and gains; and 

means for detecting properties of the antenna by analysis of the combined 



y 

digital representations. 

9. An antenna according to any one of the preceding claims, in which the 
detecting means operates at least during reception of a reference signal burst by the 

5 antenna. 

10. An antenna according to any one of the preceding claims, in which n is an 
even integer. 

10 11. An antenna according to any one of the preceding claims, in which n is equal 
to 4 or 6. 

12. An antenna according to any one of the preceding claims, in which the 
filaments are helically shaped. 

15 

13. An antenna according to any one of the preceding claims, in which the 
filaments are at least partially intertwined. 

14. A multifilar antenna substantially as hereinbefore described with reference to 
20 the accompanying drawings. 



10 

ABSTRACT 



ADAPTIVE MULTIFILAR ANTENNA 

A multifilar antenna comprises n spaced antenna filaments, where n is an 
integer greater than 1 ; a matching circuit for matching the characteristic impedance 
of the antenna to that of a transmitting and/or receiving apparatus; a phasing circuit 
for applying respective gain and phase adjustments to signals passed to or from the 
n filaments; switch means associated with each filament for selectively altering the 
electrical length and/or interconnections of the filaments; means for detecting 
electrical properties of the multifilar antenna with respect to the frequency, 
polarisation and/or direction of propagation of a signal to be received or transmitted 
by the multifilar antenna and/or impedance matching of the antenna; and control 
means, responsive to the detecting means, for controlling the operation of the 
matching circuit, the phasing circuit and the switch means to adjust the properties of 
the multifilar antenna to suit better a current signal to be received or transmitted. 

Figure 2 
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